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Ink Jet Printer with Resistance Compensation Circuit 
Field of Invention 

The present invention relates to an ink jet printer having a circuit that 
compensates for effective or apparent changes in the parasitic resistance of the inkjet 
printhead, and particularly relates to an inkjet printer having a compensation circuit 
that reduces resistance when the effective parasitic resistance increases. 
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Cross Referenced to Related Applications 

None. 
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Background 

In an inkjet printer, it is important to actuate the ink ejector with the 
appropriate voltage and current. However, during the operation of the printer, the 
effective or apparent parasitic resistance changes and this change could change the 
voltage and the current supplied to the ink ejector. One example of this phenomenon 

5 occurs when multiple ejectors attached to the same power line are fired or actuated 
simultaneously, which means that multiple ejectors are on during a particular time 
interval. There is a parasitic resistance associated with the power lines leading to each 
of the ejectors. When multiple ejectors are fired at the same time, the current passing 
through the power line prior to reaching the ejectors increases proportionally to the 

10 number of ejectors fired. The increasing current causes an increased voltage drop 
across the power line and thus reduces the voltage supplied to each ejector. 
Regardless of the type of ink ejectors that are used, a reduced voltage supplied to the 
ink ejectors may have negative effects on their operation. These negative affects may 
reduce print quality. For example, in inkjet printers that use heater resistors to eject 

15 ink, the heat produced by the heater resistor depends on the voltage applied to the 
heater resistor. Thus, when multiple ejectors attached to the same power line are 
actuated simultaneously, the heat produced by each ejector is reduced compared to the 
heat that would be produced if the ejector were actuated alone. (Actuated means 
"turned on") 

20 Other changes in the parasitic resistance of an inkjet printer may also occur 

due to temperature changes in the environment or changes in the circuit over time. 
These changes in the parasitic resistance, whether effective or actual, will also change 
the operational characteristics of the printer and may reduce print quality. 
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Summary 

To address the foregoing problems and other problems associated with ink jet 
printers, the present invention provides a printhead for an ink jet printer that is 
responsive to signals such as power, control and data signals. The power signals 

5 typically provide power to the printhead ejectors and may also be switched on and off 
to provide an addressing a function. The control signals typically include such things 
as a load signal, clock signal, a reset signal and similar types of signals that do not 
directly relate to the data or image that will be printed. The data signals correspond to 
the object that will be printed and typically include multiple dimensions of address 

10 signals. 

The printhead includes a printhead housing and a plurality of ink ejectors 
disposed in the printhead housing. When actuated, the ink ejectors eject ink for 
printing purposes. A power circuit is provided and it selectively applies power to 
actuate the ink ejectors and eject ink for printing purposes. A control circuit receives 

15 the data signals and responds to them by controlling the operation of the power circuit 
and thereby controls the actualization of the ejectors based on the data signals. The 
power circuit includes a compensation circuit that is operated under the control of the 
control circuit. The compensation circuit reduces the resistance in the overall power 
circuit in response to the control signals so that the resistance of the compensation 

20 circuit is reduced in response to predetermined conditions of operation. 

For example, in one embodiment the compensation circuit reduces the 
resistance of the power circuit in response to a predetermined pattern of data signals. 
For example, the compensation circuit may include first and second switches each 
having interned resistances and each being connected to actuate the same ink ejector 

25 when the switch is turned on. The first and second switches are connected in parallel 
with each other, and the control circuit is interconnected with the two switches to 
control the operation of the switches. That is, the control circuit turns the switches on 
and off. To actuate an ink jet, the control circuit either turns the first switch on or 
turns the first and second switches on. The switches are connected in parallel so that 

30 the resistance of a compensation circuit is reduced by switching on both the first and 
second switches. In one embodiment, the control circuit turns on one switch when the 
data signals indicate that only one ink ejector within a defined group of ink ejectors is 
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required to be actuated within a predetermined time interval. When more than one 
ejector in a group is active (turned on), the controller activates both switches. 

The number of switches connected in parallel with each other and connected to 
a particular associated ink ejector may vary depending upon the application. For 

5 example, if a particular printhead is designed to simultaneously actuate a maximum of 
eight ink ejectors all of which are connected to the same power signal, it may be 
desirable to connect eight switches to each ink ejector. If only a single ink ejector will 
be actuated in a particular group of ink ejectors powered by a particular power signal, 
then the control circuit may actuate only one of the eight switches to actuate the ink 

10 ejector. Since only one ink ejector is being fired, the current in the power lines 

carrying the particular power signal is relatively small and thus the effective parasitic 
resistance will be small. Thus, it is not necessary to reduce the resistance in the circuit 
that fires the ink ejector. 

However, for example, if four ink ejectors are actuated simultaneously, the 

15 controller may actuate each of the ink ejectors by turning on four switches, for a total 
of sixteen switches. Since each ink ejector is powered through four parallel switches, 
the resistance of the switching circuit is reduced as compared to powering the ejector 
through only one switch. Thus, the reduced switching resistance compensates for the 
increased effective parasitic resistance created by firing multiple ink ejectors 

20 simultaneously. In this example, the number of switches that actuates on for each 
active ink ejector may be equal to the number of ejectors that will be actuated in a 
particular group. However, it is not necessary that there be an actual one-to-one 
correspondence between these numbers. For example, a circuit might provide three 
switches for each ink ejector and one switch would be used when the total number of 

25 the active ejectors in the group is two or less, two switches would be used when the 
total number of active ejectors in the group is 3 or 4, and three switches would be used 
when the total number of active ejectors is five or more. Again, these examples 
illustrate that the number of switches that are actuated to fire a single ink ejector may 
be proportional to the total number of active ink ejectors in a group of ejectors 

30 associated with a particular power signal. 

The number of switches that are used to actuate a single ink ejector may also 
be varied depending on factors other than the number of ink ejectors that are being 
actuated within a defined group. For example, the control circuit may also monitor 



6 



LE2003-02 13.02 

the temperature of the printhead, particularly the electronic chip in the printhead, and 
change the number of switches used to actuate a single ink ejector depending upon the 
temperature. As the temperature increases, parasitic resistance increases and more 
switches may be used to actuate individual ink ejectors. The increased number of 
5 switches reduces the resistance of the circuit and compensates for the increased 

parasitic resistance. Likewise, the age of the printhead, or the number of ink droplets 
ejected, may be determined, and the number of activated switches may be adjusted 
based on these parameters. 

In accordance with a more particular embodiment of the present invention a 

10 printer includes a main printer assembly including printer electronics, a media carrier, 
and a printhead carrier. The printer electronics produces M number of power signals, 
and also produces control signals and data signals. The data signals correspond to an 
object that will be printed and they include a plurality of address dimensions. 
Preferably the data signals include at least Y number of first dimension signals and Z 

15 number of second dimension signals. A circuit, such as a tab circuit, is connected to 
receive the power signals, control signals and data signals from the printer electronics, 
and a printhead is mounted on the printhead carrier and is connected to the circuit. 
The printhead receives the power signals, the control signals and data signals, and ink 
ejectors are disposed in the printhead for ejecting ink. Each ink ejector is identified 

20 with a unique combination of power signals, first dimension signals and second 

dimension signals, and each power signal is associated with, and provides power to a 
unique group of ejectors. The printhead control circuit is disposed in the printhead 
and receives at least the data signals, and logic within the the printhead control circuit 
produces printhead command signals based on the data signals. A power circuit 

25 actuates the ink ejectors in response to printhead command signals, and the power 
circuit includes compensation circuits that receive the printhead command signals. 
Each ink ejector is associated with a single compensation circuit and each 
compensation circuit includes X number of switches that are connected in parallel 
with each other. Each switch in a single compensation circuit is connected to actuate 

30 its associated ink ejector when the switch is turned on, and each compensation circuit 
responds to the printhead command signals to actuate a particular number of switches 
in the compensation circuit to actuate the associated ink ejector and thereby eject ink. 
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The logic of the printhead control circuit preferably determines the number of 
switches to be turned on in a predetermined time interval in a particular compensation 
circuit based upon (1) the particular power signal that is associated with the ink 
ejector connected to the particular compensation circuit, (2) the particular unique 

5 group of ink ejectors associated with the particular power signal, and (3) the number 
of ink ejectors within the particular unique group that are required by the data signals 
to actuate within the predetermined time. For example, within a particular group of 
ink ejectors associated with a particular power signal, if K number of ink ejectors are 
required to be actuated by the printhead command signals, then K number of switches 

10 may be used to actuate the ink ejector. Alternatively, the number of switches used to 
actuate the ink ejector may be proportional to the number of active ink ejectors, but 
not equal to the number of active ink ejectors. (An active ink ejector is one that is 
required to turn or be actuated by a particular set of printhead command signals.) As 
in prior embodiments, the control circuit may select a number of switches to actuate 

15 an ink ejector based on factors other than the number of ink ejectors within a group to 
be actuated. For example, the number of switches that are turned on may depend 
upon the measured temperature of the electronics on the printhead or other 
environmental factors. 

In one specific embodiment, the power circuit will include M power lines for 

20 connecting groups of ink ejectors to the power signals. The control logic will 

comprise Q groups of logic gates, each group being controlled by combinations of the 
data signals. There are at least Q ink ejectors arranged into M groups of ink ejectors, 
and the power circuit comprises Q groups of switches where each group of switches is 
connected to and controlled by one of the groups of logic gates. Each ink ejector is 

25 connected to a single group of switches, and each switch in a group will actuate the 
single ink ejector to which it is connected. 

The combinations of data signals that control logic gates may include such a 
logical combinations as "And", "Or", "Nor", and "Nand" combinations of signals, and 
"Counts" of signals. For example, a counter may be employed to count the number of 

30 ink ejectors within the defined groups that will be active. Depending upon the count, 
the counter will produce different outputs that may be applied to the inputs of other 
logic gates such as "And and/or "Or" gates. The other input of the gate may be a 
particular data signal, such as a particular address in one of the address dimensions. 
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Thus, in this example, the ink ejector will be actuated when the data signals include a 
particular address and a particular count of active ink ejectors is determined. 
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Brief Description of the Drawings 

The present invention may best be understood by reference to the following 
detailed description of illustrative embodiments when considered in conjunction with 
the drawings in which: 
5 Figure 1 is a block diagram of a main printer assembly and printhead; 

Figure 2 is a schematic diagram illustrating the operation of the printhead 
control circuit, power circuit, and compensation circuits; 

Figure 3 is a schematic diagram of a single compensation circuit connected to 
an ink ejector and a controller; 
10 Figure 4 illustrates two ink ejectors connected to a power line with each ink 

ejector connected to a pair of parallel switches that are used to actuate the ink ejector; 

Figure 5 illustrates an ink ejector connected to a power line and also connected 
to three parallel switches that are used to actuate the ink ejector; 

Figure 6 illustrates an ink ejector connected to a power line and also connected 
15 to a plurality of parallel switches that are used to actuate the ink ejector; 

Figure 7 illustrates two groups of ink ejectors with each group connected to a 
different power line and each ink ejector connected to a compensation circuit; the 
Figure 8 illustrates a printhead in which the ink ejectors are actuated based 
upon data signals and the output of a first type of counter; and 
20 Figure 9 illustrates a printhead in which the ink ejectors are actuated based 

upon the data signals and the output of a second type of counter. 
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Detailed Description 

Referring now to the drawings in which like reference characters designate 
like or corresponding parts throughout the several views, there is shown in figure 1 a 
printer assembly 20 and printhead 22 illustrating the broad context of the present 

5 invention. The printer assembly 20 represents the main body of a typical ink jet 
printer and it would include a media carrier, a printhead carrier, a housing, a power 
supply, interconnections for external devices, and an electronics module 24 that 
connects to external devices and also connects through a tab circuit 26 to the printhead 
22. The printhead 22 includes an electronics module 28 that is typically formed on 

10 one or more integrated circuits or chips. The electronics module 28 is connected to a 
plurality of ink ejectors 30 that are disposed on of the printhead 22 for applying ink to 
a media. In some embodiments, the ink ejectors 30 may be built into or integrated 
into the electronics module 28. For example, the ink ejectors 30 may be built on the 
same chip as the electronics module 28. The electronics module 20 includes sensors 

15 32 for detecting conditions related to the electronics module 28 such as voltages, 
currents, and temperatures of the electronics module 28 and/or other parts of the 
printhead 22. The module 28 (or 24) also monitor parameters related to the condition 
of the printhead including age, time of operation, and quantity of ink ejected. 
Referring now to figure 2, details of the printhead 22 are shown. The 

20 printhead 22 includes a control circuit 34 that functions to control the operation of ink 
ejectors 36-39 and 50-56 and of the compensation circuits 42-48 and 58-64 that are 
connected to the ink ejectors. The ink ejectors 36-39 are connected to a power line 
40, which is also illustrated in the figure to as PWR 1 to illustrate that it is the first 
power line. The ejectors and 50-56 are connected to power line 66, which is also 

25 designated PWR X to illustrate that it is the last power line in a series of a power 
lines used in the printhead 22. Although only two power lines are illustrated, it will 
be understood that this schematic diagram illustrates any number of a plurality of 
power lines. Likewise, even though only eight ink ejectors 36-39 and 50-56 are 
illustrated and only eight compensation circuits 42-48 and 58-64 are illustrated, this 

30 schematic diagram is intended to illustrate an ink jet printer having any number of ink 
ejectors and compensation circuits. 

In figure 2, power line 40 is shown connected to the controller 34 through line 
68 and power line 66 is likewise connected to the controller 34 through power line 70. 
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Lines 68 and 70 are shown as dashed lines to indicate that the power lines may or may 
not be fed through the control circuit 34. If the lines 68 and 70 are provided by the 
control circuit 34, the circuit 34 may also switch power lines on and off to provide a 
dimension of control and addressing. Alternatively, the power lines 68 through 70 

5 could be constantly on or they could be switched by control circuits in the printer 
assembly 20 (figure 1) or in other portions of the printhead 22 (figure 1) 

In operation, the control circuit 34 receives data signals and other signals 
through lines 76 that are provided by the tab circuit 26 shown in figure one. The data 
signals provided on lines 76 correspond to the object to be printed. The control circuit 

10 responds to those data signals by actuating the ink ejectors that will print a portion of 
the object. Printhead command signals are produced by the control circuit 34 and 
supplied to the compensation circuits 42-48 and 58-64 by control lines 72 and 74. 
The compensation circuits switch on to actuate an ink ejector to which the 
compensation circuit is connected. In addition to the function of actuating the ink 

15 ejectors, the compensation circuits also change their resistance to compensate for 
changes in the effective parasitic resistance of the power lines 40, 68 and 66, 70. 
Effective parasitic resistance refers to the apparent or effective resistance of power 
lines 40, 68 and 66, 70 that appears between the ink ejectors 30-39 and 50-56 and the 
source of power that is provided by the printer electronics module 24. For example, 

20 as more ink ejectors on power line 40 are actuated simultaneously, the current in 
power line 40, 68 must increase. The resistance of the power line 40, 68 remains 
relatively constant with the increasing current, but the voltage drop across the 
resistance of power line 40, 68 will increase because more current is flowing. Thus, 
the effective or apparent resistance increases from the viewpoint of each ink actuator. 

25 To compensate for the increased effective resistance of the power lines, the control 
circuit 34 will cause the compensation circuits 42-48 and 58-64 to change then- 
resistances and thereby compensate for the increased effective parasitic resistance of 
the power lines 66 and 40. 

In one embodiment, the resistance of the compensation circuits is reduced in 

30 proportion to the number of ink ejectors in a defined group that are to be actuated. 
The defined groups are preferably dictated by the power lines. All ink ejectors 
connected to a particular power line are preferably within a defined group. Thus, 
ejectors 36-39 are within a defined group associated with power line and 40 and ink 



12 



LE2003-0213.02 



ejectors 50-56 are in a group associated with power line 66. The control circuit 34 
"knows" which ink ejectors in a particular group will be actuated at the same time. 
Thus, in addition to sending printhead command signals to actuate the correct ink 
ejectors, the control circuit 34 also issues commands that will cause the compensation 
5 circuits to reduce their resistance according to the number of ink ejectors that will be 
fired. For example, if the group of ink ejectors 36-39 associated with power line 40 
will have only ejector 36 actuated, a command signal will be sent to compensation 
circuit 42 instructing it to connect the ink ejector 36 to ground and thereby eject ink. 
Compensation circuit 42 will also be instructed to maintain its resistance at its highest 
10 level when actuating ejector 36 because a relatively small amount of current is 
flowing in power line 40 and, thus, the parasitic resistance is relatively low. 

If, however, all four ejectors 36-39 are to be actuated, the control circuit 34 
will "know" this and will issue commands causing the compensation circuits 42-48 to 
actuate the four ink ejectors 36-39 and also to lower their resistance to the lowest 
15 setting possible. When all four ink ejectors are actuated, the current flowing in power 
line 40 is relatively large and the effective parasitic resistance is relatively large, 
which means the voltage drop across the power line 40 is also relatively large. Thus, 
the voltage appearing at each of the ink ejectors 36-39 is reduced as compared to 
situations where fewer in ejectors are actuated. By lowering the resistance of the 
20 compensation circuits 42-48, the control circuit 34 has compensated for the increased 
effective parasitic resistance of the power lines. 

The control circuit 34 is preferably a simple hard wired logic that almost 
instantaneously instructs the compensation circuits to actuate the ink ejectors and also 
instructs the compensation circuits to reduce their resistance if necessary. Likewise, 
25 the compensation circuits preferably instantaneously respond to the printhead 

command signals. However, in alternate embodiments the logic and electronics of 
both the control circuit 34 and of the compensation circuits 42-48 and 58-64 could be 
more complicated devices. For example, the control circuit 34 and all or part of the 
compensation circuits could be implemented in a microprocessor, an ASIC, or in a 
30 device such as a programmable gate array. 

The control circuit 34 may also receive input from the sensor 32 shown in 
figure 1 that senses environmental conditions. Based on the input from sensor 32, the 
circuit 34 may change the operation of the compensation circuits. For example, if the 
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temperature of the electronics module 28 exceeded a predetermined threshold, the 
control circuit 34 would respond by causing the compensation circuits to decrease 
their resistance by a predetermined amount. Thus, the control circuit 34 would adjust 
the resistance of the compensation circuits to compensate for both temperature and the 

5 number of ejectors that will be actuated. For example, if actuators 36, 37 and 38 are 
to be actuated, the compensation circuits 42, 44 and 46 might normally be instructed 
to reduce their resistance by X amount. However, since the circuit 34 has determined 
that the temperature exceeds the threshold, circuit 34 instructs the compensation 
circuits 42, 44 and 46 to reduce their resistance by X plus Y amount thereby 

10 compensating for both temperature and the number of ink ejectors that are powered by 
line 40 and that are simultaneously actuated. 

In addition, the control circuit 34 may respond to other parameters that it 
monitors or determines or that have been determined externally. For example, 
modules 24 or 28 may determine other parameters and provide signals based on those 

15 other parameters. The control circuit 34 then responds to these other parameters to 
cause the compensation circuits 36-39, 58-64 to adjust their resistance. For example, 
if the operating time exceeds a threshold or if the amount of ink exceeds a threshold, 
the control circuit 34 may cause the compensation circuits 42-48, 58-64 to reduce 
their resistance. 

20 Referring now to figure 3 a schematic diagram illustrates a power line 78 

connected to power an ink ejector 82 when a compensation circuit 84 connects the 
actuator 82 to ground. The compensation circuit 84 operates under the control of a 
control circuit 86 that receives power, data, control and other signals on line 88. In 
response to the data signals, the control circuit 86 turns the compensation circuit 84 on 

25 and off to selectively actuate the ink ejector 82 and also controls the compensation 

circuit 84 so that it will adjust its internal resistance when actuating the ink ejector 82. 
In this illustration, a resistor 80 is shown to represent all of the parasitic resistance 
associated with the power line 78. The power line 78 is also connected to other 
ejectors that are not shown and when those ink ejectors are fired, current will flow 

30 down the power line 78 as indicated by arrow 90. Thus, as more ink ejectors are 

actuated, there will be an increased current flow in the power line 78 in the direction 
indicated by arrow 90. With the increased current flow, the voltage drop across the 
parasitic resistance 80 will increase. Assuming the power supply of the printer 
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assembly 20 maintains a constant voltage on line 78 at node 79, the voltage applied to 
the ink ejector 82 will decrease as the total current carried by line 78 increases. 

There is also a voltage drop across the compensation circuit 84 when it is 
turned on to actuate the ink ejector 82. By reducing the resistance of the 

5 compensation circuit 84, the voltage drop across the compensation circuit 84 
decreases so that the voltage drop across the ink ejector 82 will remain relatively 
constant or stable even though the voltage applied by power line 78 to the ink ejector 
82 is reduced. Ideally, the reduced voltage drop across the compensation circuit 84 
will be designed to precisely compensate for the reduced voltage appearing at the node 

10 79 on line 78. For example, if the voltage at node 79 drops 0.1 V then the resistance 
of the compensation circuit 84 would be reduced so that the voltage drop across 
compensation circuit 84 is reduced by 0.1 V, thereby perfectly compensating for the 
reduced voltage at node 79. 

Referring to figure 4, a power line 100 is shown that corresponds to power line 

15 40 in figure 2. This schematic diagram illustrates one embodiment of a compensation 
circuit that may be used with ink ejectors to reduce the resistance of the circuit that 
powers the ink ejector. In figure 4, resistor 102 represents the parasitic resistance of 
the power line 100, and ink ejectors 108 and 1 10 are connected to the power line 100 
at Nodes 104 and 106. The ejectors 108 and 1 10 are connected to grounds through 

20 switches. Switches 1 1 1 and 1 12 connect ejector 108 to ground and switches 126 and 
128 connect ejector 1 10 to ground. (As used herein, ground will be understood to 
mean a common reference voltage and it is not necessarily 0 voltage or equal to a 
ground external to the printhead.) Preferably switches 1 1 1-128 are field effect 
transistors but they may be other types of controllable switching devices. A logic 

25 AND gate 1 14 is connected to the switch 1 1 1 to turn it on and off. Input lines 116 and 
1 1 8 are connected to the input of the AND gate 1 14, and both input lines must 
become active before the AND gate 114 will actuate the switch 111. Data signals are 
applied to lines 1 1 6 and 1 1 8 to selectively actuate the gate 1 14 and the switch 1 1 1 . In 
this example, address signals PI and Al are applied to the lines 116 and 118. PI and 

30 Al represent address signals from two different dimensions of a multi-dimensional 
addressing system. PI is the first position or bit in the P dimension and Al is the first 
position or bit in the A dimension. Thus, if both PI and Al are active, the switch 1 1 1 
will turn on and actuate the ink ejector 108. 
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The ejector 108 is also connected to a switch 112 which is connected to 
ground and is connected in parallel with the switch 1 1 1 . A logic AND gate 120 is 
connected to control the switch 1 12, and the input lines 122, 123 and 124 of the gate 
120 are connected to receive these addressing signals, namely, PI, P2 and Al. 
Following the same nomenclature as described before, PI and P2 are the first and 
second positions or bits in the P dimension. Thus, if PI, P2 and Al are active, the gate 
120 will actuate the switch 112 and also actuate the actuator 108. Thus, when the 
printhead is instructed to actuate the two ink ejectors associated with the address 
positions PI, Al and P2, Al; the switches 1 1 1 and 1 12 will simultaneously turn on 
and both will actuate the ink ejector 108. The parallel connection of the two switches 
1 1 1 and 1 12 will produce a reduced resistance between the actuator 108 and ground 
causing a reduced voltage drop between the actuator 108 and ground. Thus, even if 
the voltage drops on the power line 100 at the node 104 because of an increased 
effective parasitic resistance 102, the voltage drop across the actuator 108 may remain 
relatively constant. Alternatively, turning on both switches 1 1 1 and 1 12 will at least 
partially compensate for reduced voltage at node 104. 

The compensation circuit for the ink ejector 1 10 is similar to the compensation 
circuit previously described with regard to figure 4. The ejector 1 10 is connected to 
parallel switches 126 and 128 which are both connected to ground and are controlled 
by AND gates 130 and 136, respectively. The address signals P2 and Al are applied 
to the input lines 132 and 134 of gate 130, and the address signals PI, P2 and Al are 
applied to the input lines 138, 139 and 140 of the gate 136. In this construction, the 
actuator 110 will be actuated by two switches 126 and 128 when the ejectors 
associated with the addresses P2, Al and PI, Al are instructed to fire simultaneously. 
Again, the parallel switches 126 and 128 have a reduced resistance as compared to 
switch 126 by itself 

Referring now to figure 5, there is shown a variation of the circuit diagram in 
figure 4. In figure 5, an additional switch 156 has been added in parallel with the 
switches 1 12 and 111. The control of switch 1 1 1 has been unchanged, but the control 
of switch 1 12 has been changed by adding an "Or" gate whose inputs 152 and 154 are 
connected to receive address signals P2 and P3. Thus the input on line 122 is active if 
either P2 or P3 are active. 
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This switch 156 is controlled by the AND gate 158 whose input line 162 is 
connected to receive the address signal Al and whose input line 160 is connected to 
the output of an AND gate 164, whose inputs 166 and 168 are connected to address 
signals P2 and P3, respectively. Thus, the output on line 160 will be active only if 

5 both P2 and P3 are active, and the AND gate 158 will actuate and be active only if PI, 
P2 and P3 are active and Al is active. 

In operation, if data signals require only that the ink ejector 108 be fired, PI 
and Al will become active and the actuator 108 will be fired with only switch 111. 
However, if the data signals require that two ejectors be actuated, such as the actuators 

10 associated with PI, Al and P2, Al, then ejector 108 will be fired by two switches, 
namely, switches 111 and 112. In this example, it will be understood that the 
actuators associated with the two addresses PI, Al and P2, Al are both powered by 
the same power line, such as power line 100. If the actuator associated with the 
position P3, Al is to be fired in addition to the actuator 108, the switch 1 12 will again 

15 become active because the signal P3 is connected to the OR gate 150 which will apply 
an active signal to the input 123, which along with the active signal on lines 122 and 
124 will activate the AND gate 120, and the switch 112 will be turned on. Finally, if 
the data signals activate the three ejectors associated with the positions PI, Al ; P2, Al 
and P3, Al ; then all three switches 111, 112 and 156 will turn on and actuate the ink 

20 ejector 108. Again, it will be understood that all three ink ejectors in this example are 
powered by the same power line. 

The logic illustrated in figure 5 applies to a specific printer where three ink 
actuators associated with address positions PI, Al; P2, Al and P3, Al are powered by 
the same power line. However, the logic illustrated by figure 5 could be expanded to 

25 any number of actuators associated with a particular power line. For example, if a 
particular power line powered 100 ejectors, then a 100 parallel switch could be 
associated with each ejector so that the number of switches actuating an ejector could 
equal the number of ejectors in the group that is being actuated. However, as a 
practical matter, only a limited number of ink ejectors associated with a particular 

30 group of ejectors are allowed to fire at the same time. Thus, for example, if a 

particular printer imposed a limitation requiring that a maximum of eight ejectors 
associated with a particular power line may be fired simultaneously, then each ejector 
could have only eight switches connected to it. In such case, the number of switches 
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firing an ejector could still equal the number of the ejectors in a group that are being 
fired simultaneously. Again, AND/OR logic may be implemented as shown in figure 
5 to cause the number of active switches to equal the number of active ink ejectors in 
a pre-defined group, such as the ejectors associated with a particular power line. 

5 Referring now to figure 6, a circuit diagram is shown of a circuit having four 

compensation circuits illustrating simple logic for matching the number of active 
switches to the number of active ejectors within a defined group. In this circuit, there 
are four switches 111, 112, 152, and 176 connected to actuate the ink ejector 108, and 
there are four possible P dimension signals P1-P4. As before, switch 1 12 is controlled 

10 by AND gate 120 whose inputs are PI, Al and the output of an OR gate 150. Signals 
P2, P3 and P4 are applied as inputs to the OR gate 150 so that switch 1 12 is activated 
when PI and Al are active and when any one of the remaining P signals (P2-P4) are 
active. Switch 152 is controlled by the AND gate 159 whose inputs are connected to 
receive PI and Al and the output of an OR gate 170. The inputs of the OR gate 170 

15 are connected to the outputs of AND gates 172, 173 and 174, respectively. The AND 
gate 172 has two inputs that are connected to signals P2 and P3, the AND gate 173 
has two inputs P2 and P4, and the AND gate 174 has two inputs connected to signals 
P3 and P4. In this configuration, switch 152 will be activated (turned on) when PI 
and Al are active and any two of the remaining P signals are active. Finally, switch 

20 176 is controlled by AND gate 178 whose inputs are connected to Al and all of the P 
signals, namely P1-P4. Thus, switch 176 will be activated when Al is active and all 
four of the P signals are active, namely, signals P1-P4. Thus, the ejector 108 will be 
actuated with a number of switches that is equal to the number of active ink ejectors 
within the group of ink ejectors which are connected to power line 100. Again, it will 

25 be appreciated that this concept can be expanded to control any number of switches 
per ink ejector for any number of ejectors in a group. 

In figures 4-6, only one power line was illustrated for a particular ink jet 
printer and these power lines were simplistic in that numerous ink ejectors were 
omitted and simplified addressing schemes were described. It will be understood that 

30 actual printheads typically will have many more power lines and ejectors and more 
complicated multi-dimensional addressing systems. Figure 7 is provided to illustrate 
the compensation circuits as described previously in connection with a simplistic 
printhead having multiple power lines. Again for purposes of easy discussion and 
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illustration, the number of ejectors has been reduced dramatically and the number of 
power lines has been reduced. In actual construction, a practical printhead would 
have numerous ejectors associated with each power line and would have numerous 
power lines. The printhead schematically illustrated in figure 7 has two power lines 

5 200, 202 with parasitic resistances illustrated by resistors 204 and 206 respectively. In 
this simplified printhead, ejectors 208 and 210 are connected to power line 200 and 
are actuated by switches 212 which are controlled by logic gates 214. Similarly, ink 
actuators 220 and 222 are actuated by switches 224 that are controlled by logic gates 
226. All switches and ink actuators function in the manner described above with 

10 respect to figure 4. In this example, ejectors 208 and 210 are defined as one group 

associated with power line 200, and ejectors 220 and 222 are defined as another group 
associated with power line 202. In the preferred embodiment, the compensation 
circuits are controlled by a logic that only concerns itself with the number of ejectors 
within a single group that are actuated simultaneously. Thus, for example, if ink 

15 ejector 208 is actuated alone, only one switch 212 is used. However, if the ejectors 
208 and 210 are actuated simultaneously, each ejector 208 and 210 is actuated by two 
switches 212. 

The logic described previously may be configured so that groups are defined 
differently. For example, the logic could be configured so that ink ejector 208 is 

20 actuated by two switches 212 only if ejector 220 is actuated simultaneously. Similarly 
the logic could be configured so that actuator 208 is actuated by two switches 212 
only if ejectors 208, 210, 220, 222 are actuated simultaneously. In both of these 
examples, the defined groups extend between ejectors associated with different power 
lines. However, such logic would not be the preferred embodiment and preferably a 

25 group of ejectors is defined by the power line to which the group is attached. 

An alternate embodiment of the invention is shown in figure 8 in which the 
number of switches does not equal the number of active ejectors in a defined group. 
In this embodiment, a power line 230 has a parasitic resistance 232 and is attached to 
power an ink ejector 233. The ink ejector is connected to ground through three 

30 parallel switches 234, 236 and 238 that are controlled by logic gates 240, 242 and 244. 
Each switch is preferably an FET and each logic gate is preferably an AND gate. Ink 
ejector 233 is associated with the address PI, Al, and when both the PI and Al 
signals are present, the logic gate 240 turns on or is active producing a signal at its 
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output that is applied to the gate of the switch 234. When actuated by the gate 240, 
the switch 234 turns on and actuates the ink ejector 232. 

The second switch 236 is controlled by a gate 242 whose inputs are attached to 
receive the address signal A 1 and a signal, CNT > 2. The signal CNT > 2 will be 
5 active when the number of active address signals within a defined group and within a 
given period of time or cycle exceeds two. Thus, if the address signal PI, Al is active 
and two other P address signals are active, then the total count of P signals will be 3, 
which is greater than 2, and the CNT > 2 signal will become active. Thus, the gate 
242 will actuate the switch 236 which will actuate the ink ejector 233. 

10 The switch 238 is controlled by logic gate 244 whose inputs are connected to 

receive the signal Al and the signal CNT > 4. If the number of active P address 
signals is greater than 4, the signal CNT > 4 will be active. Thus, if the Al signal is 
active and the number of active P address signals is greater than four, then the switch 
238 will turn on and actuate the ejector 233. Thus, the number of switches that 

15 actuate the ink ejector 233 is proportional to the number of active ejectors associated 
with the power line 230 at a given time, but the number of active switches is not equal 
to the number of active ejectors. 

To provide the two signals, count > 2 and count > 4, a counter 246 is provided 
and it receives the P data stream. In a particular firing cycle (actuating cycle), the 

20 counter 246 will count the number of active ejectors for each power line. In the 
circuit of figure 8, it is assumed that the power on line 230 is constant and that all 
ejectors associated with the signal P address are connected to the power line 230. 
Therefore, by counting the number of P addresses that are active in a single firing 
cycle, the counter 246 determines the number of ejectors associated with power line 

25 230 that will be fired during a particular cycle. If the count is greater than two, the 
signal on line 248 is made active and if the count is greater than four, the signal on 
line 250 is made active. These signals are applied to the gates 242 and 244 in the 
manner previously described and as shown in figure eight. 

Figure 9 shows another alternate embodiment in which the number of active 

30 switches is proportional to and greater than the number of active ejectors in a defined 
group. In this case, a minimum of two switches are used to actuate an ejector, and the 
number of active switches is always one greater than the number of active ejectors 
associated with a defined group. 
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In this embodiment, a power line 260 has a parasitic resistance 262 and is 
connected to power an ejector 264. Each ejector in the printhead will be connected in 
a manner similar to that shown in figure 9. The ejector 264 is connected to ground 
through a parallel connection of six switches 266, 268, 270, 272, 274 and 276. Switch 
5 266 is controlled so that it will be active and actuate the ejector 264 when the signals 
PI and Al are active. Switch 268 is connected to actuate ink ejector 264 when the Al 
signal is active and the number of P signals is greater than 0. Likewise, gate 282 will 
actuate switch 270 when the P count is greater than one and the signal Al is present. 
Gates 284, 286 and 280 actuate switches 272, 274 and 276, respectively, when the 

10 signal Al is present and the count of P signals is greater than two, three and four, 
respectively. Thus, the number of active switches is equal to one plus the count of P 
signals that occur in a particular firing cycle. 

A counter 290 receives on line 292 the P data serial stream and is able to 
determine the number of active ink ejectors for each power line. In this simplified 

15 example, the counter is shown to produce only 5 counts (count >0 through court > 4) 
for one power line. However, the counter 290 will produce a count for each power 
line, or a separate counter may be provided for each power line. Thus, the ejectors 
associated with all power lines are controlled in the same manner. The counter 290 
produces its output signals on output lines 294-302, and those signals (count > 0 

20 through count > 4) are applied to the gates 280-288 as described above. 

In the examples given above, the counter determines of the number of active 
ejectors associated with a defined group of ejectors, and that group is preferably 
defined by the power line to which the ejectors are attached. However, similar logic, 
or the same logic, could be applied to ejectors of different power lines. That is, a 

25 defined group would include switches attached to different power lines. Also, as 

demonstrated by the above examples, compensation may be provided for any number 
of simultaneous fires per group. 

While certain specific examples have been described above to illustrate the 
invention, it will be understood that the invention is capable of numerous 

30 arrangements, modifications and substitutions of parts without departing from the 
scope of the invention as defined in the claims. 
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